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In two previous numbers of this journal the writer (1 and 2) has 
given the results of a study of the development, embryonic and post- 
embryonic, of the interstitial cells of the testis as sekn in the pig. The 
present study is devoted to the histology of these cells in various adult 
mammals, the methods of investigation employed being, in large part, 
newer ones not used by previous students of the subject. 

I shall not attempt here to take up in detail the rather extensive bibli- 
ography, as in my first article I have reviewed the principal reports made 
during the last century; and a full account of the literature is contained 
in the article of v. Bardeleben (3) and in the more recent one of Gan- 
fini (4).  

As a result of the studies of Leydig and Iioelliker it was definitely 
established that the interstitial cells are a constant constituent of the 
mammalian testis. Friedmann ( 5 )  and Ganfini find that they are 
present also in some amphibians, reptiles, and birds, while absent in  
others; but the evidence adduced for their presence in fornis lower than 
mammals is not fully convincing. I regret that I have not been able to 
investigate this point. It is a matter of mine importance, seeing that onc 
of the hypotheses put forward as to the function of these cells ascribes 
to them the general biological property of establishing and maintaining 
the secondary sexual cliaracters of male animals through the medium of 
an internal secretion. 

A question much debated by the earlier writers was the origin of the 
interstitial cells. Their conclusions were mainly deductions from adult 
conditions; and no one seems to have studied the question by a thorough 
examination of embryonic material until Ganfini, Allcn (6) ,  and the 
writer, working independently, and each with fairly complete series of 
embryos at  his disposal, arrived at  essentially the same conclnsion, namely, 
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that the interstitial cells are derived from the mesothelium of the genital 
ridge, although the authors differed as to the details of the process. 

A review of the literature shows that as yet no agreement has been 
reached as regards the finer histology of tlie individual cells, their 
arrangement, and their relation to the blood-vessels. It is with these 
three points that the present article is chiefly concerned. Tlie material 
used was obtained from the rat, gray squirrel, rabbit, opossum, dog, cat, 
bull, sheep, pig, and man. The opossum material, unfortiinately, was 
so poorly fixed that it could not be used for a study of finer details. I n  
the case of the human material, one of tlie specimens, which I owed t o  
the kindness of Prof. R. R. Bensleg, ivas remorcd from an executed 
criminal immediately after death, and was quitc favorable for  study; the 
other was obtained from a man dead of pernicious anzmia a few hours 
post mortem, and was in a fair state of preservation. 

It will be unnecessar,y to give a detailecl description of the apycarances 
noted in each animal, as it is possible to draw a general picture, the 
differences in dctnil bring pointed out here and there. 

THE IRRBNGENCNT d N D  STROMA O F  THE INTERSTITIAI. CELLS. 

As seen in sections of the testes of the usual laboratory animals, the 
interstitial cells appear as more or  less isolated collections of cells lying 
in the intervals between the sections of three or inore seminal tubules- 
the currefours of French autliom. In  general, these collcctions are 
molded to the shape of the spaces in  which they lie, being triangular, 
quadrangular, or some modification thereoi as the case mag be. Fre- 
quently, a narrow band projects from each of two neighboring collections 
t o  almost meet each other, but are preveiited from doing so by tlie close 
approximation of the n-alls of two tubules. I n  some animals, however, 
(cat, pig, opossum) serial sections show that the collections are lrequently 
continuous JTith one another, though the narrow bands connecting them 
map alniost be pinched in two in the cracks between tubules. I n  rodents 
the collections of cells are relatiiely few and small, and elltirely isolated ; 
and the same is practically true of the dog. The interstitial cells are 
not confined to the intertubular spaces, but are also found between tlie 
tubnli recti, along the interlobular septa, and beneath the alhuginea. I n  
the latter situation, they usually fill the triangular intervals between the 
albuginea arid the diverging bases of the seminal tubules; but in some 
animals, as the clog and opossum, they form a lining for the inner sur- 
face of the albuginra, arranged in a row, or perhaps in several rows, of 
small cubical cells. Many of the cells give evidence in thcir shape of 
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subjection to pressure. In the testis of cryptorchid pigs the interstitial 
cells usually appear as a large continuous mass in which the seminal 
tubules are imbedded; and I have pointed out elsewhere (1) that this 
condition-a continuous mass of cells in which the seminal tubules are 
imbedded as in a matrix-is characteristic of the later stages of the 
embryo pig's testis. The study of the development of the interstitial 
cells also showed that they are subjcct to periods of atrophy coincident 
with periods of rapid growth of the seminal tubules with a resulting 
diminution in the size of the individual cells and their segregation into 
groups. I conclude, therefore, that the isolation of the collections of 
cells, or their continuity With one another, is simply a variable feature 
of the histological picture dependent upon the amount of cells originally 
present and upon the pressure to  which they arc subjected by the grow- 
ing tubules, which tend to separate an originally continuous mass of cells 
into separate groups. 

As to the arrangement of the cells within the collections, quite diverse 
views have been expressed. r. Bardeleben, who regarded the cells as 
purely epithelial in structure and arrangement, reported that they con- 
tained no formed interccllular substance. Hansemann ( 7 ) ,  on the other 
hand, using Van Gieson's stain, describes a fibrous intercellular sub- 
stance. Plat0 (S) ,  who believed that the interstitial cells were formed 
by direct transformation from the ordinary connective tissue cell, agrees 
with Hansemann. Nussbaum (9 )  describes the interstitial cells as ar- 
ranged in isolatcd nests and strands, each such collection being surrounded 
by a membrane similar to the wall of the seminal tubules. Finally Gan- 
fini, who devoted considerable study to the question, reached the conclu- 
sion that the interstitial cells arc arranged typically in columns, each 
surrounded by an enrlothelial sheath ; and that, according as the section 
is made transverse to, or parallel with, the long axes of these columns, 
their sections will appear a s  disks or longitudinal rows. For investigat- 
ing the stroma of the intertubular spaces I have employed digestion 
methods and the stain for connective tissue devised by Blallory, which 
are doubtless the best mctliods now at our command for studying con- 
nective-tissue frameworks and their relations. In digesting tissues 1 
have relied chiefly upon Flint's modification, in which a small block of 
tissue is first digested en masse, and afterwards sectioned and stained. 
Where haste is not required this is a very satisfactory method. The 
reults are equally as good as those obtained by digesting sections on the 
slide; and, moreover, one does not run the risk of losing his sections. 
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The accompanying figures, together with a few words of explanation mill 
suffice to make the findings clear. 

Figures 1, 2,  and 3 are low power drawings of digested testis of a 
young man, a bull, and a cat respectively; while Fig. 4 is a drawing 
under much greater magnification of an intertubular space in a cat. The 
cells, both tubular and interstitial, have been removed, leaving only the 
bare framework of the organ. It is seen that, while the stroma of the 
intertubular spaces differs in detail in the different animals, it is in each 
essentially a fibrous meshwork, the empty spaces o i  which were previously 
occupied by the interstitial cells. High magnification shows that the 

FIG. 1. Section of digested testis of a young man. All cells have been 
removed, leaving only the walls of the  tubules ( t )  and the intertubular con- 
nective-tissue framework. X about 80. 

fibers are composed of wavy fibrils. I n  the sections shown in the figures 
the amount of strorna is greatest in the man and least in the cat. The 
size of the meslies varies all the way from that jnst sufficient to accom- 
modate one interstitial cell to  those capable of lodging a number of them. 
In the case of the cat the larger bundles of fibrils often run parallel for  
a considerable distance, suggesting an arrangement of the cells in rows ; 
hut even here there are occasional exchanges of cross-fibrils between the 
larger bundles. The Mallory preparations give results which are quite 
confirmatory of the digestion methods, and supplement them, often show- 
ing the cross-fibrils between the cells distinctly. Thus, Fig. 5 illustrates 
a portion of a cat's testis in vhich with ordinary methods therc might 
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FIG. 2. Section of digested testis of a bull. The intertubular spaces are 
occupied by a connectivetissue meshwork which is not so dense or tightly 
woven as in the preceding figure. Some blood-vessels (v) are seen in cross 
section. X about 80. 

FIG. 3. Section of digested testis of a cat. Here the connectivetissue 
meshwork is much more loosely woven than in either of the preceding 
figures. X about 80. 
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appear to be a typical airangenient in parallel rows without intercellular 
substance; but the Jlallory stain shons fine blue fibrils here and thcre 
between the cells. These findings seem to make it certain that v. Bai- 
deleben mas mistalicn in his vicw that the intersiitial cells have a typical 
epithelial arrangement without fornicd intercellular substance. The!- 

FIG. 4. A single intertubular space from a digested cat's testis highly 
The scantiness of the connective tissue and the large size of the magnified. 

meshes for the interstitial celis are shown. X about 500. 

arc also quite contradictory of Nussbaum's opinion. Nor does an ar- 
rangement in columns of cells, each column invested in an endothelial 
sheath as maintained by Ganfini, seem typical. It is true tha t  such may 
seem to be the arrangement, particularly in the cat and the pig, unless 
such methods as the digestion and Jlallory's be employed. Ln these 
animals the interstitial cells are large and numerous, and the stroma is 
quite scanty; and a collection of Leylig's cells subjected to pressure b j  
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three or more conve~ging tubules mill commonly have its cell? forced into 
a row-like order, the rows convergiiig to a renter. But e\-en here the 
Mallory stain will disclose occasional intercellular fibrils between cells in 
the same row. In  the cat’s testis, however, I have iound interstitial cells 
among the tubiili recti which undoubtedly were disposed in columns. 
Fig. 6 illustrates such a group. I n  still other animals, as the squirrei, 
the stroma is exceedingly scanty, and consists of a fine reticuluni run- 
ning a t  irregular i n t e r d s  between tlie cells (Fig. ‘7). The very small 
arnount of stronia here malws tlie m e  of digestion niethods unprofitable. 

FIG. 5. A single collection of inlerstitial cells in the cat, stained by Mal- 
The connective-tissue reticulum is shown dividing the cells 

A capillary is seen entering on 
lory’s method. 
into short columns and irregular masses. 
the left to bifurcate ahout the center of the collection. X about 500. 

A correct general statement would seem to be that the interstitial cclls 
are imbedded in a meshwork of fibrous reticulum, and that this mesh- 
work is abundant and tightly woven in some animals, scanty and loose 
in others. 

TIIE RELBTIOKS O F  THE INTERSTITISL CELLS T O  BLOOD-VESSELS. 

Some of the earlier authors, as Boll ( l o ) ,  supposed that the intersti- 
tial cells formed the walls of capillaries; and this view has been main- 
tained recently by Senat (11). Waldeper’s (12) theory that they are 
perithelial in character seems to have been abandoned. But, while there 
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may be n o  longer reason to  think that there is any organic connection 
between the cells and the vessels, it is certain that the cells have a very 
generous blood-supply and a close spatial relation to the arterioles of the 
seminal tubules. Since the small branches of the spermatic artery, 
entering from the albuginea and the interlobular septa, must traverse 
tlie intertubular spaces which are largely occupied by thc interstitial 
cells, it  is clear that the collections of these cells will be pierced by 
the arterioles on their way to the tubules. Such vessels, however, arc 
usually well separated from the cells by the accompanying connective 
tissue, and have no particular relation to the cells except that of 
space. They give off capillaries, however, which do come into very inti- 
mate relation with the cells. The capil- 
laries, after entering the collections of cells, often divide, usually dichot- 

Fig. 5 shows such a capillary. 

FIG. 6 FIG. 7 

FIG. 6. Collections of interstitial cells from among the tubuli recti of the 
cat’s testis. X about 500. 

FIR. 7.  A group of interstitial cells from the squirrel’s testis. The con- 
nective tissue is reduced to a fine reticulum running among the  cells a t  
irregular intervals. The group rests upon a capillary. X about 500. 

otnously, to form a capillary netvork, and are separated irom the cells 
only by the framework of the latter. T‘be clear spaces around the capil- 
laries are possibly the beginnings of lymphatics. Many of the capillaries 
do not terminate among the interstitial cells, but proceed through them 
to join the vascular network on the malls of the tubules. 

THE HISTOLOGY O F  T H E  IKDIVIDUAI, CELLS. 

It is probable that there is a fairly typical conformation of Leydig’s 
cells in all mammals. It seems i o  have been noted first by Plato in the 
cat, and was also found by v. Lenhosskk in  man ; while the writer observed 
it through all the later stages of the development of the pig’s testis. Gan- 
fini, in his extensive study of mammalian material, found it constantly 
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present, and this has also been my experience in the various mammals 
that I have studied. Figs. 5 and 8 represent this form in the cat, in 
which animal it reaches its acme. It will be noted that there is a more 
or less eccentrically placed mass of condensed granular cytoplasm con- 
taining the nucleus, while the peripheral portion of the cell is extensively 
vacuolated. So marked is this arrangement that v. Lenhosskk has used 
in  connection with it the terms commonly applied to  amebze, and speaks 
of endoplasm and ectoplasm. By no means all o€ the cells have this 
kypical structure, but all gradations are found from cells whose bodies 
are composed entirely of “ endoplasm,” to  those in which it is reduced to 
a remnant in the immediate vicinity o f  the nucleus. l’lato regards these 
vacuolated forms as old cells, the opposite exiremc being youthful forms; 
while Ganfini thinks that this appearance is a secretory phenomenon con- 
nected with the production of fat. The analogy with what has been 

FIG. 8. A small group of interstitial cells from the cat’s testis showing 
granules. Preparation stained with neutral gentian. X about 800. 

observed in  various gland cells is certainly very suggestive of secretory 
function; but, for reasons which will appear later, I fell sure that the 
activity of the cells is not limited to the formation of fat. It should 
be stated that the vacuoles are not always so smooth and regularly circular 
as those shown in the illustration; frequently they are large, irregularly- 
shaped cavities with more or less raggep margins, doubtless the result of 
the breaking down of the partitions between adjacent vacuoles. It is 
hardly necessary to add that the demonstration of the structure of the 
interstita cells requires fresh tissue and good fixation. 

The nucleus is relatively large, and contains much nuclear sap with 
a large nucleolus. It is almost always eccentric in position. Plato and 
Ganfini state that the nuclei o€ the non-vacuolated cells stain intensely 
and homogeneously; but as I have not been able to find such nuclei except 
in preparations stained with iron hzematoxylin, I am inclined to believe 
that the appearance is due to imperfect differentiation of the stain. 
THE ANATOMICAL RBCORD.--NO. 8. 
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Reinlie's (13) finding of mitotic figures in  the interstitial cells has not 
been confirmed except by v. Lenhossbk. These investigators report find- 
ing a very few mitotic figurcs in  material derived from executed crirni- 
nals. Illy experience, like that o€ most others, is entirely negative, and 
I ham ncver seen any evidence of karyokinesis i n  these cells except in 
the early stages of their embryonic devcloprnent. It is possible that they 
ninltiply by direct division, as was taught by v. Bardelehen; but, with 
tbe exception of the occasional prcsence of t xo  nuclei in a cell, I have 
seen no evidencc of this process. 

As so much importance has been attached by 
various authors to tlie existence of fa t  iii these cells, I have made a special 
study of it i n  several animals by microchemical methods. Frozen sec- 
tions, either of fresh material or of tissue fixed in  formalin, were stained 
with osmic acid and with Sudan 111. The results obtained mere as 
follows: I n  the dog's testis fa t  was founil in considerable amount both 
in the interstitial cells and in the epithelium of the scmiiial tubules. I n  
tlic former it was present i n  the form 01 small grains and also as large 
inulberry-lil\rc masses. In the case o€ tlie cat, f a t  was found in large 
amount in thc interstiiial cells, chiefly as small drops near the periphery, 
?hough oftentimes the cells were practically filled with it. A compara- 
tively small amount was present in the seminal epithelium. I n  the testis 
of a young man the fat  was present in about equal amounts within the 
tubules and in the interstitial cells. I n  the latter situation it existed 
mostly as small grains. In all thr ee of these animals f a t  was also detected 
in the lymphatics of the testis, particularly large clumps lying in those 
of the albuginea, as has been described by Ganfini. 

I come now t o  two animals i n  which the tcsis  ere ncgative, the opos- 
sum and the pig. I n  both cases fat was practically absent from the inter. 
stitial cells, though abundant in the seminal epithelium. The opossum 
material was not well fixcd ; spermatogenesis, howcver, was in  progress, 
and, as said, fat  was abundant in the seminal tubulcs. It  is possible that 
the lack of f a t  in the interstitial cclls v a s  due t o  the season of the year 
(winter) a t  which the animal was killed, bnt this explanation can hardly 
:mount  for the findings in the pig. I ha1e repeatedly examined the 
testis of this animal for fat  a t  all ages both before and after birth, and 
Iiam never been able to dcnionstmte fa t  in tlie interstitial cells eicept 
in very minute amounts, though that substance is constantlv prescnt in 
the seminal cpithclium after a aery early stage (1; em.) of cmbrJonic life. 
111 the wild boar P la to  could detect hiit  cry little fat, n4ilc Ganfini's 
pig material had  been fixed in alcohol and so could not be lised for  the 

CeZZ Contpnts. 1. Fat. 
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study of fat. I am forced, therefore, to the conclusion that the inter- 
stitial cells of the pig, and probably also of the oposCuni, do not contain 
fat in any appreciable amount. 

The arrangement OP the fat  in the cells is interesting. It is deposited 
as small globules which, however, may fuse into larger mulberry-like 
masses; but they do not run together into a large sphere, as is the 
case with the typical adipose cell, flattening the nucleus out against the 
cell-wall. Rather the arrangement is such as is found in developing fat  
cells, and in the so-called brown fat-glands of rodents. This character- 
istic has led some to doubt if the fa t  is " ordinary fat  "-notably Ganfini, 
who founds upon this doubt his theory as to the function of the cells. 
The globules are dissolved by ether, absolute alcohol, xylol, etc., and are 
stained by both osmic acid and Sudan 111-in short, give the usual 
microchemical reactions employed for the demonstration of fa t  in other 
tissues; so that the burden of proof is upon those who would deny that 
they are ordinary fat. 

2. Pigment.-This was not present in any of my material, and accord- 
ingly is not a constant content of the interstitial cells. Sehrt (14) , who 
has made the latest study of its nature, finds that it is fatty, staining well 
with Sudan I11 in frozen sections and faintly even in material that  has 
been treated with alcohol. 

3. Crystalloids.-The discovery by Reinke in 1896 o l  crystalloids in 
the interstitial cells of an executed criminal aroused considerable interest 
at  first, and his findings were confirmed by v. Lenhosskk and others. It 
soon became evident, however, that their presence is restricted to a very 
few animals, if, indeed, it is not limited to man; they were found by 
Ganfini and by me only in man. I shall content myself with simply 
noting their inconstancy. 

4. Specific GlzlnuZes.-Almost all who have written concerning these 
cells have mentioned the granular character of their cytoplasm, but the 
only reference to specific granules which I have been able to find is by 
Regaud (16). H e  describes certain secretory vesicles and granules in 
the rat's testis fixed in Tellyesniczky's fluid (equal parts of 3 per cent 
solution of potassium bichromate and 5 per cent acetic acid) which are 
so obviously different from the granules about to be deficribed that I need 
not review the article here. I '  find that certain definite granules are 
quite constantly present in the mammalian testis, including that of man. 

H e  considers it a waste pigment. 

A preliminary note on these granules was published in Amer. Jour. Anat., 
Vol. VI, No. 3, Anat. Record, Vol. I, No. 3. 
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To demonstrate them the tissue must be well preserved, and the fixing 
fluid is of prime importance. Thus, they are quite sensitive to certain 
acids, fluids containing much acetic acid or potassium bichromate, such 
as Zenker’s, Tellyesniczky’s, or Bopsch’s, giving negative results ; occa- 
sionally a few map be seen in material fixed with Fleming’s solution. 
Absolute alcohol and 10 per cent formalin give very satisfactory fixation. 
With Mann’s methyl blue-eosin they stain red ; they are brought out well 
by iron hzmatoxylin ; but the most distinctive picture is furnished by 
staining with Reinke’s neutral gentian, as modified by Bensley. With 
this stain the cytoplasm is colored orange, while chromatin and the 
granules are stained violet; so that an excellent contrast is obtained be- 
tween the granules and the cytoplasin in which they are imbedded. In 
such preparations (Fig. 8) the majority of the interstitial cells contain 
definite granules one or two mikrons in diameter, often in clusters. They 
lie, for the most part, in the peripheral portions of the cells, but may be 
found anywhere in the cytoplasm. Each granule is contained in a dis- 
tinct vacuole, as is evident in thin sections two or three mikrons thick. 
It is interesting to note that in the case of cells which contain many fat  
globules, they and these granules must lie in the same vacuoles. The 
only animal in my series in which the granules could not be dernonstratcd 
was the opossum; but, as in this case the material was imperfectly fixcd, 
this negative result may be excluded. They were comparatively few in 
the rodents, fairly numerous in the dog and sheep, and abundant in the 
cat, pig, and man, To determine the time a t  which they appear I made 
use of a series of pig embryos, and found them first in a pig 23 em. long, 
after which time they are regularly present. In the undescended testis 
of a cryptorchid pig, they were very numerous. Hence they are probably 
not related to spermatogenesis, since in such testes the seminal epithelium 
is undeveloped or atrophied. 

The staining reactions of these granules and their sensitiveness to  
acetic acid call to mind the zymogen granules of the pancreas. On the 
other hand, the reaction for prozymogen, which usually can be had in 
cells which produce zymogen, could not be obtained. Our knowledge of 
the zymogens is so imperfect that it does not seem sai‘e either to affirm 
or to deny the zymogenic nature of the granules; but, without any refer- 
ence to their chemical nature, we may regard them as an internal secretion 
of the interstitial cells. 

DISCUSSION OF BESULTS. 

In attempting to apply the results of this histological study to the 
various theories which have been proposed concerning the function of 
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the interstitial cells, we come first to the original view of Leydig and of 
Koelliker, according to which they are a modified form of connective 
tissue which supports the tubules. While, no doubt, they do serve as an 
admirable supporting matrix for the tubules and their blood-vessels, the 
great majority of those who have studied these cells have felt that they 
must have some more specialized function than this. 

Bon Bardeleben ( 3 )  thought that they were youthful forms of Sertoli 
cells, and that they were capable of passing through the walls of the 
seminal tubules there to become full-fledged Sertoli cells. This theory 
has found no supporters, and only the great reputation of its author has 
kept it alive. 

Plato (8) held that it was their function to act as nurse-cells, passing 
their fa t  and pigment through-minute canals in the walls of the tubules 
to be received by the Sertoli cells and there used as pabulum in the for- 
mation of spermatozoa. Plato's theory has been supported in some meas- 
ure by Friedmann and v. Lenhossbk, but no one has been able to confirm 
his statements as to the existence of canals in the walls of the tubules 
and the passage of fa t  through them. Indeed, the presence of fa t  in the 
lymphatics of the testicle would indicate that the flow of fat is away from 
the tubules. Moreover, the study of the development of the interstitial 
cells in different animals has shown us that frequently fat  is present in 
the tubular epithelium before it appears in the interstitial cells; and that, 
in the pig, it is never present in any but the minutest amount. Finally, 
as Ganfini has pointed out, in undescended testes, where the Leydig's 
cells are usually typically developed and numerous, the seminal epithe- 
lium is undeveloped or atrophied, and consequently there are no sper- 
matozoa being formed. So that Plato's theory is without good 
foundation. 

Reinke (15) seems to have been the first definitely to suggest an inter- 
nal secretion in connection with his crystalloids. Their inconstancy, 
however, they being practically limited to man, is sufficient to prevent 
any theory of general applicability to mammals from being based upon 
these structures. 

Ganfini (4) has advanced an attractive theory, according to which the 
fat  itself is the internal secretion of the interstitial cells, and is poured 
into the general circulation through the lymphatics. H e  bases this 
opinion upon the fact that fat  is found in the lymphatics leaving the 
testis; and that the fat  in the interstitial cells is in the form of more or 
less discreet droplets rather than in one large drop, as in the ordinary 
adipose cell, and that consequently it is not ordinary fat. The defects 
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in this theory are obvious. In the first place, in one rnaiiiinal (the pig), 
at least, there is practically no fat in the interstitial cells. Again, the 
presence of fat  in the lymphatics coming from a tissue rich in that mate- 
rial is nothing unusual. And, finally, the assnmption that a substance 
which gives the reactions for fa t  is not ordinary fa t ,  became it is ar- 
ranged in discreet droplets, is ioo frail a foundation upon which to erect 
a hypothesis. 

About the same time that Ganfini's article appeared, Loisel ( 1 7 )  pub- 
lished a paper on  spermatogenesis in tlie sparrow, in which he advanced 
the theory that the interstitial cells manufacture an internal secretion 
out of their fat, and that this secretion produces the secondary sexual 
characters of the male. 

Finally, Ancel and Bouin (18) have adopted Lojsel's theory, so far as 
the function of the supposed secretion is concerned, and as a result of a 
few experiments and considerable observations on cryptorcliid animals, 
announce that the interstitial cells constitute a gland which, by means 
of an internal secretion, establishes and maintains the secondary sexual 
characters of male animals-that the effects upon the general economy 
which have been attributed to the testicle as a whole, are due to the inter- 
stitial cells alone. It is clcar that this latter hypothesis enters upon a 
very wide biological field, and that the question cannot be settled by his- 
tological studies of normal conditions. Such studies are useful, however, 
in so far as they tend to show that the interstitial cells are or are not 
glandular in nature. 

CONCLUSIONS. 

1. The frameTT0i-k of the interstitial cells of the testis consists of a 
reticulum of fibrous tissue, abundant and fine-meshed in some animals, 
scanty and loosely woven in others. The cells lie within tlie meshes and, 
according to the character of the meshwork, are arranged singly, in small 
groups, or evcn in rows or coluinns, so that there is in the latter case an 
indistinct lobulation. 

2 .  The collections of cells have a rich blood supply tltrough capillaries 
given off by vessels en route t o  the tubules. 

3. Fat  is not present in the interstitial cells in sufficient amount to 
justify the conclusion that they are simply adipose cells; and in some 
animals they contain little or no fat. 

4. No evidence esists to show that the fat, when present, diffcrs froin 
ordinary fat. 

5. The interstitial cells constantly contain graniiles whose chemical 
and tinctorial reactions are similar to those found in various gland cells. 
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6. The histogenesis and arrangement of these cells, their blood-supply, 
conformation, and content of specific granules strongly support the view 
that they are glandular in nature. 

I n  conclusion I wish to express my obligations t o  Dr. R. R. Bensley 
€or helpful suggestions. 
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REVIEWS. 

“ SKELETAL REMAINS SUGGESTING OR i%TTKIBUTED T O  EA4RLY J h X  I N  

NORTH AMERICA,” by Ales Hrdlicka. Smithsonian Institution, 
Bureau of American Ethnolop, Bnlletin 33. 

The Chief of the Bureau of Ethnology tells us in the prefatory note 
that a paper by Dr. Hrdlicka on all the human bones discovered in North 
America, for which a high antiquity had been claimed, was about to be 
published when the’discovery of crania and other bones of the so-called 
“loess m a n ”  in Nebraska was announced. The publication was sus- 
pended and Dr. Hrdlicka was sent to examine the new specimens. The 
present bulletin contains the result of his researches added to those de- 
tailed in his till now unpublished paper. It is, therefore, both compre- 
hensive and important. Before leaving the prefatory note by W. H. 
Holmes, we must quote from it the statement of the position adopted 
by the Bureau : “ I n  the earlier pears of the investigation there existed 
a rather marked tendency on the part of students, and especially on the 
part of amateurs and the general public, hastily to accept ariy testimony 
that seemed to faror antiquity, and the conservative attitude of the Bu- 
reau was emphasized by a desire to counteract and correct {his tendency. 
Evidence of the great antiquity of man in the Old World is abundant 
and convincing, and the assumption that like conditions exist in America 
seemed reasonable and was perhaps justifiable, although it led to the 
general acceptance of much that was without satisfactory verification.” 
These remarks are scientifically sound and decidedly called for, but it is 
perhaps a little unfortunate that thej- seein to foreshadow the result of 
the investigation. 

We shall first consider Hrdlicka’s study of the early finds, reserving 
till later that of the Nebraska specimens. The earlier specimens came 
from all quarters, as far south as New Orleans and Florida, as far north 
as  Quebec, and from the Atlantic to the l’aeific. Specimens Pound in 
New Orleans in or about 1844, on the strength of which i t  was said that 
the human race existed in the delta more than fifty-seven thousand years 
ago, are dismissed very briefly. The Quebec skeleton (now not to be 
found) said to haw been dug out of the solid schist-rock, is an absurdity. 
The Natchez pelvic bone, concerning which there was much discussion, 
is found not to differ from modern bones, except in being fossilized. 
Some might think the exception an important one ; but, as is shown later, 
this feature is by no means necessarily a proof of great antiquity. The 

Washington, 1907. 
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bone was examined by prominent anatomists and geologists. The ques- 
tion clearly lies in the domain of the latter, and opinions are divided. 
Skipping a couple of unimportant items, we come to the celebrated Cala- 
ITeras skull found in California in 1866. This very imperfect skull 
showed nothing of anatomical interest. The whole question renters on 
the fossilization and-i‘ar more-on its origin. It was found in a shaft 
in a hill some 130 feet below the surface in one of many layers of gravel 
alternating with layers of lava. The one in which it was found dates 
from about the middle Tertiary period. But it is not impossible that this 
hill was entered by caves in the sides and, in fact, the skull resembles 
closely those from caves in the same county. The author considers the 
fossilization of little import. He believes that not enough attention has 
been given to the calcareous coating, and asks : “ How could such a coat- 
ing have been formed, and formed with such uniformity, over the surface 
of a skull packed in sand or mud and gravel of an ancient r iver?” In 
short, he inclines to the cave origin. The Rock Bluff skull from near 
the Illinois river is a very interesting one, as it presents anatomical points 
worthy of considkration. It is a low skull, the lowness of the forehead 
being emphasized in profile by the prominence of the supra-orbital ridges. 
These, however, are not like those of anthropoids or of the Neanderthal 
skull, inasmuch as their excessive development is confined to the inner 
three-fifths. They are not excessive a t  the outer angle of the orbit. The 
author gives the photographs of two skulls from mounds, which show 
the same characteristics and appear if anything rather lower than that 
from Rock Bluff. The geological question is of great importance in this 
case. The skull has been said to belong to the Champlain or even the 
glacial epoch. Hrdlicka again considers evidence of great antiquity un- 
satisfactory, and certainly the photographs just mentioned seem to con- 
firm his view that it is to be classed with other skulls from the Illinois 
mounds. Again in  the case of the “ man of Peiion,” found more or less 
fossilized in limestone in Mexico, while authorities differ about the age 
the author sees nothing to distinguish these from other Indian bones. 

Among the most interesting anatomically are the crania from Trenton, 
N. J. Many implements, which are thought to antedate the Indians, 
were found with them. While some bones may safely be called Indian, 
others certainly are not. Among the latter are the Burlington County 
skull and the Riverview skull. These resemble each other in being low 
skulls in the sense of having a short vertical diameter, in being broad 
a t  the back of the cranium, narrow in front, and in having a narrow face. 
The forehead, though low owing to the want of height of the skull, is not 
THE ANATOMICAL RBCORD.-NO. 8. 
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a retreating one. Ponie animal matter seemed to persist in the Burling- 
ton skull. Two skulls much alike and 
not Indian, mhat are t h y ?  A search of the literature convinced the 
author that these wcie specimens o f  the chamcecephalic t y e  which had 
been found in northncsterri Germany and in some Zuydcr Zec islands. 
I-lrdlicka believes that these sl~ulls also are relatively modern, and again 
does not accept the geoglogical argument for great antiquity. Records 
show that there were natives of Holland aniong the settlers of New 
Jersey. Although holding it more prudent to believe these skulls modern, 
the author remarks that “ a type of so pronounced a character is proba- 
bly very old, and may be very ancient.” and hints that it is l i n t  impossible 
that the American representatives of the race niay be older than tlie 
European, and that in prehistoric times the Atlantic may have been 
traversed. This, however, is a flight of fancy which is evidently not 
meant to be taken very seriously, for Hrdlicka goes on to remark that thp 
probabilities are against the ancient origin of the crania. Both tlici 
Trenton femur, Professor Putnam’s report on which has not j e t  appeared. 
and tlic Lansing ( Kansas) sl,elc\ton e m  claim great age on geological 
evidence only. 

There is a very interesting account of certain fossilized bones in Florida, 
chiefly from near the west coast. Anatomically there is no reason to doubt 
that they are Indian; and the fossilization is of little significance, as the 
water 1n this region is he:i\ily chavTed with minerals and, in tliclcling 
through sand, readily fossilizes what it touches. 

So far  there is very little to be said for the theory of great antiquity 
for the remains scattered throughout the country. The evidence for the 
most part is geological and is Pound at  best inconclusive. We are entirc.1) 
with the author that in so far as the question can be determined b3 
morphology, there is no skull which may not be modern. Let us now take 
up the most recent finds. 

The first specimen, a skull of the so-called “ loess man,” mas fonnd as 
long ago as 1894, in a mound on the top of a hill in Nebraska, less than 
five feet from the surface and beneath a layer of earth hardened hv fire, 
according to a practice followed in some Indian burials, presumably to 
protect the remains from animals. This skull was a very fine specimen 
of the Neanderthal type, but not having come into scientific hands, it  
lay in a garret for 12 years till interest was awakened by A h - .  Gilder’s 
explorations, when i t  was given to the University of Nebraska and is 
now known as skull No. 8 of the Gilder collection. In 1906 Mr. Gilder 

Here now is a pretty problem: 
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explored this mound and found several other skulls, some complete bones 
of the extremities, and many fragments. 

Skull No. 8 is certainly a very remarkable one, approaching the origi- 
nal Neanderthal specimen. No. 6, though less striking, is of the same 
nature. Some of the other skulls may be called “low,” and others are 
not remarkable. None of them is fossilized. At  least one is mentioned 
as apparently quite recent. 

Five entire humeri and many fra,gments were unearthed. The supra- 
trochlear perforation was frequent, as is the case in Indians, arid there 
was a flattening of the shaft having the samc significance. Two of the 
bones show what we imagine to be rudimentary supracondyloid processes. 
JIrdliclia calls them the ridges in the location of the process. The femora 
are as a rule like those of Indians. Two pairs show an abnormal curva- 
ture forward. The tibia. are said to approximate the Indian type. They 
are but moderately bent backward at  the head and do not show thc esccs- 
sive flattening met with in Indians of some parts of the country and (we 
belicve we may add) to be expected in ancient bones. 

His exami- 
nation of the mound was made under disadvantages, the ground being 
partially frozen. The loess began some 10 inches under the suriace soil. 
“ The signs of fire are most noticeable toward the center of the mound, 
where they extend to a depth of nearly 3 feet. An effort was made to 
ascertain whether there is a bed of baked earth beneath the superficial 
layer . . . . but without success, on account of the frozen condition of 
the ground. It was plain, howevcr, that  at no point had thc baking pro- 
gressed so far as to render the earth impervious to water. No definite 
line of separation between the superior and the inferior levels in  the 
mound was observed, and there is no perceptible difference in thc density 
or structure of the loess a t  different levels.” The following passage is 
Prom Hrdlicka’s summing up. “ Within a depth of five feet or less, the 
Gilder mound contained the remains of apparently about a dozeii bodies. 
There were male and female skeletons, ranging in age froin the infant 
t o  the senile subject. . . . . Two or three of the skulls, with some accom- 
panying bones, lay within 235 Peet or less of the surface. Below this, 
according t o  the explicit statcments of Mr. Gilder, was a laper of clay of 
undetermined area, hardened by fire. . . . . Beneath this cover of hard- 
ened earth lay in some promiscuity, but in numerous instances in partial 
association, the skeletal remains of eight or nine bodies. -4t still lower 
levels, down to thc depth of lly2 feet, were found here and there pieces 
of human bones. Instances of anatomical association extended to the 

These were the siibjects of Dr. Hrdlicka’s latest stndics. 
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depth of 6 or 6% feet. Below this everything was disconnected and 
fragmentary.” Hrdliclia points out that the color, markings, and general 
features of the bones are much the same at  all the levels. €1~ lays great 
weight on the total absence of fossilization, which he thinks would be 
hard t o  explain in bones dating from the original loess deposit. A point 
of great importance is the occurrence of knife marks observed chiefly 
in the long bones and in the skulls. I n  the latter they are found behind 
the foramen magnum. Now these scratchings are thc same in the bones 
from all levels. I n  short, our author does not feel that there is any 
cvidence of great antiquity to be gathered from the mound and says, 
indeed, that probably the question would never have been raised had it 
not been from the low character of some of the skulls. This brings us at 
once into the heart of thc matter. What is the real significance of a 
Neanderthaloid skull? Hc points out that in Indians (and perhaps also 
in whites) there are occasional examples of very low skulls, some of them 
showing the excessive development of the superciliary arches together 
with a retreating forehead, which are the characteristics of this type. 

Hrdlicka regards these low-bromed skulls as individual pccnliarities. 
(‘ Their special features, which are rtnllp exaggerations of definite sexual 
characters, may indicate degeneration or may possibly be reversions.” 
H e  adds that it will readily be understood that several instances of such 
a peculiarity should be found together. He then points out that skulls 
of this type most certainly occur among Indians and, indeed, especially 
in mounds in the region whence these skulls came. H e  insists that this 
region extends over parts of Illinois, Iowa, and Wisconsin, and that the 
burial places from which the specimcns come have no claim to geological 
antiquity. H e  gives photographs of several skulls from the National 
Museum which are unmistakably of the same type. An appendix is 
dcvoted to recent Indian skulls of a low type in that institution. 

The reviewer does not profess to bc a judge of the geological argu- 
ments for or against; but the morphological question is here very inter- 
esting. x7hen we consider what extraordinary shapes of heads we meet 
with in white men of the day, the occurrence of a single very low head 
is of little importance. But here we have several and, as just pointed 
out, in a region abounding in them. Thus it seems that it is hardly pos- 
siblc to dispose of these as instances OC individual variation. Much more 
i t  seems that Tie must admit that in thc Indian population there is, or 
has been, a very considcrable Neanderthaloid element. But it does not 
follow at all that such an element is either a reversion or an arrest of 
ascent. As our author intimates, it may very well be a degeneration. It 
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may presumably aBect a whole family or a whole tribe or a nation, as 
well as it may an individual. It is begging the question to predicate 
antiquity from inorphologg alone, especially in the absence of conclusive 
geological evidence. 

Thomas Diuight. 

“DARWINISM TO-DAY,” by I-ernon 11. Kcllogg. Henry Holt & Co., 

With the increased activity within late years among biologists in the 
study of heredity and Variation, many facts have been gathered together 
which throw considerable light upon the method by which organic evo- 
lution is accomplished. The result of these advances is that Darwin’s 
method of natural selection of favorable chance variations has been found 
to a certain extent to be inadequate to account for all the phenomena 
encountered, so that i t  is necessary for the biologist to orient himself 
anew in his evolutionary thinking. “ Darwinism To-day ” furnishes the 
biologist and general reader an impartial account of the different theories 
of species-formation SO that  the reader is enabled to choose his own posi- 
tion with reference to these theories from the data presented in this work. 
As an aid to the more advanced student who wishes to refer to original 
sources, there is throughout the text a large number of exact references 
to original papers, and many more or less extended quotations from them, 
bearing upon the subject under discussion. 

The first two chapters are introductory and serve to make clear the 
distinction, which is frequently ignored, between evolution and Darwin- 
ism, and to explain briefly the relation between evolution on the one hand 
and theology, philosophy, pedagogy, and sociology on the other. 

I n  the remaining chapters the author presents the numerous weak- 
nesses of Darwinism and the answers to these objections which the Dar- 
winians have proposed in their defense. In addition to the attack on and 
defense of Darwinism, there are outlined clearly and critically the vari- 
ous theories which have been advanced to take the place of or to supple- 
ment the Darwinian theory. 

In Chapters I11 to V, inclusive, the attack on Darwinism is outlined 
quite fully. It will be possible at  this time to mention only the more 
important of these criticisms which have been raised. The greatest weak- 
Dess of the theory of natural selection lies in the fact that it depends 
primarily upon the pre-existence of variations and at  the same time 

1907, pp. xxii + 403. $2.00. 
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exerts no influence on the origin or control of these variations except in 
so far as it may determine what individuals shall be permitted to give 
birth to other individuals. Another criticism is that even in the severest 
competition it is difficult t o  suppose that an infinitesimal advantagc in 
one competing individual may not be exactly counterbalanced by an infin- 
itesimal advantage in another direction in the second competitor so that 
a real life-ancl-death-~elermirting :idvantage lies nitli neither individual ; 
for example, the favorable increase of strength on the part of one individ- 
ual may possibly be balanced by n favorable increase in agility in thc 
other so that natural selection can pick out neither form as the better 
fitted to snrvive. The extinguishing of favorable variations hv inter- 
breeding and the needed coincidence of several variations a t  one time are 
discussed as well as the development of countless structures of great 
utility to their possessors, but which can be of use only in their highly 
perfected state. Finally the fatal overdevelopment 01 certain characters, 
such as the antlers of the great Irish elk and the enormous size of the 
Dinosaurs, is discussed among the objections to Darwinism. 

The fifth chapter includes a rather satisfactory discussion of the theor! 
of sexual selection and presents fairly the various objections which have 
been raised against it by Morgan and by Mayer in his experiments with 
Promethea. The general untenability of the theory is emphasized, al- 
though the author mentions particularly the value of Darwin’s presenta- 
tion of the theory in that it directed thought toward the wonderful phe- 
nomena of secondary sexual characters. 

At the outset of Chapters VT and VII,  entitled “Darwinism De- 
fended,” attention is called to the fact that the burden of attack rests 
upon the anti-Darwinians and that against them is the presumption of 
right. The positions of the Weismannians, N’eo-Darwinians, and Neo- 
Ikmarckians are outlined as well as the answers to the various objections 
presented in the previous chapters. I n  brief, it may be said that the 
answers of the Darwinians are not always entirely satisfactory, and that 
even the strictest selectionists must call to their aid some other factors of 
isolation or segregation. 

A discussion of “ Other Theories of Species-Forming and Descent : 
Theories Auxiliary to Selection ” makes up Chapters V I I I  and IX. The 
theories presented are those of Panmixia and Germinal Selection of 
Weismann, of Intra-selection o r  the battle of the parts, proposed by Rous. 
of organic selection or orthoplasy of Baldwin, Osborn, and Lloyd 1101 - 
gan (the theory that the survival of the individual does not depcnd solelj 
on congenital variation but on ontogenetically acquired adaptations a-: 
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\wll). The various isolation tlieorics are fully discussed in the ninth 
(.llapter. 

“Theories Alternative to Selection,” which are presented in the two fol- 
lowing chapters are : Lamarckism, Orthogenesis of Nlgeli, Eimer, and 
Cope, and the theory of metakinesis of Jaecliel ( that  while genera and 
families may show continuous phyletic wries, species appear sporadically, 
suddenly, and without special reference to the phyletic series). The ex- 
periments and observations of Dcvries upon which the mutation theory is 
based are satisfactorily described and the relation of the mutation theory 
i o  Darwin’s theory is carefully csplained. Several alternative tlieorics 
t o  explain secondary sexual charactci s complete the c>hapters iiiider coil- 
sideration. In general it may be said that thcsc other thcories of species- 
formation are weal; in that they are based on v e q  iiisiiffticicnt evidence. 

The present standing of Darwinism, according to the author, may be 
conveyed best by his own words in the closing chapter of the book. “ Dar- 
winism, then, as the natural selection of the fit, the final arbiter in de- 
scent control, stands unscathed, clear and high above obscurins cloud o i  
battle. At least, so it seems to me. But Darwinism, as the all-sufficient 
or even most important caiiso-mechanical factor in species-forming-. and 
hence as the sufficient explanation of descent, is discredited and cast 
down. At least, again, so it seems to me. But Darwin himself claimed 
no Allnzacht for selection. Darwin may well cry t o  be saved from his 
friends ! ” 

The style of tlie author is not above criticism in that there ale soi~ie 
cvidciit signs of haste and lack of finish. The German habit of com- 
pounding R-ords and of i n s d i n g  all-modifying clauses between the articlc 
and noun has firm hold on the author. Among the examples o i  this may 
Iw mentioned : “ Fact-bodies,” “ extreme-charactered,” ‘‘ food-zeal,” 
“ cell-sorts,” and “ the already referred to action.” 

On the whole the work is very satisfactory and is valuable to all who 
would have a thoroughly modern knowledge o l  the true standing of the 
principle o€ natural selection and the origin of species as held by tlie 
leading biologists. R. W .  ICunEel. 

“EVOLUTION S N D  ANIMAL LIFE,” by David Starr Jordan and Vernon 

The volume under consideration presents an elementary account of 
the processes of evolution as they are so far understood, and is made up 
primarily of the substance of a university course of elementary lectures 
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tlelivered jointly by the authors to  students reprwenting all lines of col- 
lege work. 

The material o€ the book has been rather well chosen and the general 
plan is admirable, although one or two changes in the order of the chap- 
ters niight be suggested; for instance, the chapters o n  natural and arti- 
ficial selection might be transposed to advantage so that the reader could 
appreciate the transmutations of raccs by the agency of man, before being 
mtrodnced to thc infinitely more complex relations of natural selection; 
again, the chapters on generation, sex, and ontogcny inight precede those 
011 heredity which include a discussion of such varied subjects as sex 
cletermination, homologous and rudimentary structures, Mendel’s law, 
and tlie inheritance of acquired characters. 

After several chapters in which evolution is defined and the funda- 
mental properties of living matter and the meaning of species are dis- 
cussed, tlie authors pass on to thc factors and mechanism of eiolution 
vhich inclnclcs such subjects as variation, heredity, selection, isolation, 
niutation, orthogenesis, and Lamarckisin. Natural selection, artificial 
selection, the various theories of species-forming and descent control, and 
geographic isolation are then taken up in pea ter  detail; and variation 
and mutation, heredity, ontogenj , paleontology, and geographical distri- 
bution each receives treatment in a separate chapter. Then are discussed 
adaptations, parasitism, mutual aid and communal life among animals, 
animal coloration ; while by way of intrpduction to  the closing chapter 
of the book on man’s place in nature, there is a single chapter on  reflexes, 
instinct, and reason. The last six chapters of the book are rather more 
carefully written than the preceding ones and contain a very large num- 
ber of interesting facts of natural history relating largely to the insects, 
with which group the junior author is especially familiar. From such a 
brief outline of the contents o€ the book it will be seen that the scope of 
the work is exceedingly broad and of necessity rather superficial in char- 
acter. Still the book should serve to arouse the interest of the elementary 
student for  the biological sciences; and t o  give him a general linowledge 
of some of the more important principles underlying biological phe- 
nomena, so far as such principles can be acquired from a textbook. 

There is an inexcusably large nnmber of typographical errors in the 
text and in the descriptions of the figures. Pig. 84 is incorrectly labelled 
and Fig. 106 is upside down. Many of the figures are extremely roughly 
drawn and the three colored plates are rather unsatisfactory. O n  page 
193 there is an error which is slightly confusing; the especially tall peas 
which result f rom a cross of a short pea 1 foot in height with a tall pea 
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6 feet in height are given as a specific example of “ blended inheritance.” 
Again, on page 334, the lancelet is referred to as a fish ; and on page 373 
from a comparison of the text with the accompanying figure which is 
referred to, the reader might be led to suppose that the colony of Podo- 
coryne growing on the shell of a hermit crab is a sea anemone. 

An appendix contains references to general accounts of the subjects 
treated in this book, arranged according to chapters. The references arc 
confined to publications in English and are therefore mostly tcrmanuals 
and textbooks rather than to the original sources, and are intended for 
the assistance of the general reader and elementary student. 

B. W.  A-unkel. 

“ CONTRIBUTIONS FROM THE ANATOMICAL LABORATORY OF BROM-x 
UNIVERSITY.” Vol. V, Providence, R. I., 1907. 

This volume contains 14 papers which have appeared recently in  vari- 
ous scientific journals, the 36th annual report of the commissioners of 
inland fisheries of Rhode Island, etc., the American Journal of Physi- 
ology, the Biological Bulletin, as well as from other journals. Most of 
the contributions are of a biological nature, none being distinctly ana- 
tomical. It is interesting to note that this anatomical laboratory con- 
tributes mainly to the science of zoology, as must be the case when an 
anatomical department is not connected with a medical school. I n  the 
latter instance the obligation of the teacher to medical students keeps 
gross and microscopic anatomy, as well as embryology, in the foreground, 
and this naturally compels him to contribute to these subjects. 

F. P. Mall. 

“ THE DEVELOPMENT OF THE HUMAN BODY,” by J. Playfair 11IcMurrich. 
X + 

McMurrich’s “Development of the Human Body” is the best brief 
didactic American text-book of embryology. In its third edition it has 
been thoroughly revised, but is no larger than before. The Bade nomen- 
clature has been introduced, but here and there are found such rejected 
terms as lymph follicles, discus proligerus, and uterus masculiniis. The 
word anlage does not occur. In English we may say that “ a n  organ 
arises (or begins) as an outgrowth ” rather than “ the anlage of the organ 

Third edition. P. Blakiston’s Son St Co., Philadelphia, 1907. 
528 pages, 277 figures. $3.00 
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is an outgrowth”; and that “ t h e  liver at  first is a divcrticulurn” rather 
lhan “ the anlage of the liver is a diverticulum.” Apparently no new 
terms have been proposed. 

The following changes and additions are of inteyest. In inan the num- 
ber of chromosomes is 24 (Duesberg) instead of 16. The studies of 
Heape on menstruation in lower mammals, oi‘ Marshall on the internal 
secretion o€ the ovaries, of Kirkham and of Gerlach showing that the 
niouse has a second polar body overlooked bx Sobotta, and of several 
authors in favor of the epithelial origin of lutein cells have been added. 
Hubreeht’s term trophoblast, corresponding with epiblast and hypoblast, 
is replaced by Minot’s trophoderm, corresponding with ectoderm, etc. ; 
it is described as a modified ectoderm adapted fo r  implantation rather 
than as a distinct germ layer. The description of implantation has been 
modified with reference to Rejsck’s study of Speixiophilus and Doria’s 
account of a young human embryo. Assheton’s a:id Peebles’ experi- 
mental studies of growth in the chick‘s blastoderm have been substituted 
€or the concrescence theory, which is not mentioned in the third edition. 
The existence of a primary chordal canal olwning at Eensen’s knot is 
n o ~ v  admitted (p. G O )  ; in view 01 this c h a n y  the seeondarj chordal canal 
(p. 100) should be more sharply defined. 

In connection with the clevelopnient of the skeleton, a new figure is 
intrcidnted illusti ntiiTg the 1 elation of vertebm to segments ; Mall’s work 
o n  the ossification centei s of the interparietal and maxilla, and Ea~cet t ’ s  
on tlie pterygoid proceees h a l e  been cited. 

Since photographs of tlie 
cup-shaped form h a ~ e  not ) c l  been publishcd, two aye inserted in this 
iwiem. They represent a few corpnsclcs 01 ihc  form in question among 
a large number of sliadoms f rom TT Iiich tlie lizruoglobin has disappeared. 
I t  is improbable that Eettercr is c‘orre( t in regarding thc cup as being 
only apparent and dne t o  the distrihntion of hmioglubin. Such cup- 
shaped appearances as are sho~vn in tlie photograph are characteristic of 
circulating and of well-prescrvtd blood. They appcar in embryos when 
the nuclei of the erjthroblasts are eliminated. 

Of the origin of blood plates it is said that “ the  most plausible sug- 
gestion is that they are the fragmented nuclei of broken-down leuco- 
cytes.” The fine investigation of James 11. Wriglil is not mentioned. 

A new dia- 
gram sliows the questionable fifth acrtic arch as equivalent to the other 
five. Six aortic arches require tlie prebencc of fire pharyngeal pouclics, 
yet according to RlcRlurrieh, there are but four. The fifth arch is, 

Red blood corpuscles arc dcscribed as discs. 

There are inany changes in the chapter on blood-vessels. 
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however, said to be “ rudimentary.” Mall’s important work on the cere- 
bral veins in man replaces Selzer’s description of these veins in the 
guinea-pig, but the complex story of development is rendered confusing 
by a misplacement of figures, Fig. 151 B (p. 271) being younger thsii 
Fig. 151 A. The supracardiizal veins of Huntington and McClure.are 
described and figured. These include the dorsal limbs of the loop formed 
by the cardinal veins around the ureter, and other more anterior vessels 
of a different origin; the anterior portion is shown in the figures of the 
rat, but not of the rabbit. The loop around blie ureter is well known 
from the studies of Hochstetter. His diagrams (Hertwig’s Hnndbuch, 
Vol. 3, p. 142) show thc extent of the loop more accurately than McMur- 

A B 

Fixing 
reagent unlinown. Weigert’s stain. Those retaining their hEmoglobin a re  
cup-shaped. A, X 315 diams. B ,  X 630 diams. 

Photographs of human red blood corpuscles within a blood vessel. 

rich’s figure, and correctly indicate the relation of the genital veins to 
its ventral limb (compare also Anat. Anz., 1’01. 25,  p. 271). If the 
term supracardinaZ vein could be restricted in its application, $0 as to be 
synonymous with dorsal l imb  of the ureteric loop, it would be more 
readily adopted. The veins of the limbs are described a t  greaicr length 
than in the previous edition, but without the necessary figures. 

I n  the account of the lymphatic vessels interpretations rather than 
observations are considered, and thus the “ discordant ” element is em- 
phasized. A figure of a section through the jugular lymph sac, such as 
Professor Sabin has published, is much needed, and reconstructions are 
better than diagrams. Sabin’s studies O f  lymph glands and Mall’s work 
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on the spleen have beeii incorporated. The spleen has bern transferred 
from the chapter on mesenteries to that on the circulatory system, and 
as a result of Stoerk’s investigations, the coccygeal gland is placed with 
the lymphoid organs. 

The description of the entodermal tract now includes Flint’s conclu- 
sion that the lung in the pig p o n s  I)? lateral branching, and that the 
suppression of the left eparterial bronchus and the development of the 
right infracardiae bronchus are correlated with the position of the aortic 
arch and heart respectively. 

Tandler’s record of the pronephros in human embryos up to  20 mm. is 
noted, and the development of the ovary and testis have been rewritten 
with reference to Allen’s work. Presumably hTcMurrich hesitates to 
accept the determination of the large cells appearing in the entoderm and 
supposedly migrating into thc sexual glands, as germ cells ; he does not 
refer to them. 

The suprarenal glands have been redescribed, with a figure and refer- 
ences to Wiesel’s studies. They are placed in a chapter with the carotid 
glands and Zuckerkandl’s organs. 

Under the nervous system the bearing of Harrison’s experiments on 
the interpretation of sheath cells and on the nenrone theory is recorded. 
Streeter’s reconstruction of the otocyst of a 20-mm. human embryo N- 
places that of His of a similar stage. Fuch’s observation in the rabbit 
that the stapes is at  first separate from the second branchial cartilage is 
regarded as an ontogenetic condition and not of general siynificance. 

The large number of changes in this edition of &IcMurrich’s book 
reflect the progress of embryology during the last three years. Students 
will like the small size of the volume, and teachers will appreciate Pro- 
fessor McMurrich’s estimate of the value of recent researches. 

Frederic T. Lewis. 

“ A  TEXT-BOOK OF CLINICAL AKATOMY,” by Daniel N. Eisendrath, 

This work on clinical anatomy, now in its second edition aims to assist 
the student of descriptive anatomy to apply the great mass of facts that 
he has accumulated in the dissecting room in the more thorough and 
rational understanding of the clinical cases that later come under his 
notice. It is designed to make his anatomical knowledge of the greatest 
practical value t o  him. The value of such a book to a student of medi- 

A. B., M. D. Second edition, Sannders, Philadelphia, 1907. 
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cine, particularly in conjunction with his clinical work, can scarcely be 
overestimated. 

The average medical student, in his acquainting himself with long 
and wearisome descriptions of signs and symptoms and lines of treatment, 
is altogether too prone to lose sight of the anatomical and physiological 
groundwork involved in any given case, as he is of the results most ob- 
viously occasioned by any disturbance or interference to which they may 
be subjected. For such this volume is intended as it is for the busy prac- 
titioner whose stock of anatomical knowledge may have shrunken some- 
what since his learing the dissecting room. 

?'he work is essentially anatomical in character and from a purely 
anatomical standpoint we have found in i t  not a little to criticise. A1- 
though one may not demand of the clinician any profound knowledge of 
anatomy, the number and character of the errors to be found in the book 
seem to us quite jncxcusable. The author refers, for example, to the 
chorda tympani as one of the motor nerves of the tongue; in two lines 
devoted to the vena cava inferior he states that " two-thirds of its length 
lies inside of the pericardial cavity"; he speaks of the cystic artery as 
entering the gall-bladder and declares that the inguinal canal " is a po- 
tential canal like the urethra." Reference to " meningeal branches of 
the circle of Willis" is well calculated to  lead to confusion, as are re- 
peated statements regarding the " infraorbital notch " (the position of 
the infraorbital nerve being almost regularly misplaced in his illustra- 
tions). Not only the text but the illustrations leave much to be desired. 
Figures 50 and 53, for example, and other similar ones are very instruc- 
tive, but in these the thickness of the body walls, particularly in the tho- 
racic region, has not been taken into account. Figures 79 and 100 are 
woefully a t  fault and we see no occasion, from any point nf view, for the 
insertion of such figures as 144 and 145. 

These lapses from anatomical accuracy not only detract from the value 
of the work, but must shake severely the reader's confidence in the writer. 
His phraseology is too often indefinite and unscientific (aorts in relation 
with the upper dorsal vertebra) and his statements couched at  times in 
words that savor more of excerpts from a popular medical treatise than a 
book intended for scientific workers. ("The pericardium is a closed 
sack in which the heart and great blood-vessels have been placed.") 

The treatment of the subject matter is throughout concise, the arrange- 
ment good. Many subjects have been, however, in our opinion treated 
too briefly and a few extra lines of explanation would have added to the 
value of many passages. On the whole, the work may well fulfill the 
THB A N A T O M ~ A L  RECORD.--NO. 8. 
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purpose of its author. Nevertheless, greater concern €or the accuracy 
of anatomical details coupled with a clearer and more extended cxposi- 
tion mould enhancc greatly the value of a subsequent edition. 

N .  SY. In,plls. 

“ Dn: GROSSHII~NIXYDJ, ncs ~ T E N S U I I  I S  IIIIlEN MASSlX UND I N  

Kin geliiinanaloriiisehcr Atlas, rnit erlautern- 
d m i  Text und schcinatisclier Zciclinnng, 76 Tubellan. 1 5  Kiirven 
u17d 70 ftrrbrgc 1~ il’trfriiz ( F o l i o ) ,  I on Prosektor Dr. Tlieodor Iiacs, 
in TTamlniip. l dh tc r  l’ejl : I<nr\.cn unil ‘I’afeln. Zmi ter  Teil :  T’esi. 
-cJeiia, \ 7 ~ ) 1  lag \on Gustav Pischer, 1907. 

‘l’liis quarto b! 1 ) ~ .  T’lieotloi~ l<nc\, of l lambuig,  e o i n p i i s ~ s  the records 
01 >cars of detailed \I orli. Tlic book is divided into t\To rnairi parts. The 
first part  contains the tlrawing o€ a transvcise section through a gyrus, 
nsed to illustrate thc nomenclature cniploycd by tlic author, 1.5 charts 
(Curven) based on ih r  measurements of the entire human cortex and i ts  
layers, and :!l ~ o l o r e d  plates shoTTing variations in its fiber content. 

‘These plates, tlic publication of i\liich has been made possible by a 
grant from the Royal Society of Giittingen, are printed in pairs. They 
illustrate the arrangement of the fibers in 12 localities from each cerebral 
liemisphere o€ a given brain. Sections from 39 brains are thus given 
(Platcs 1-78), each pair of plates being accompanied by the correspond- 
ing table of nieasui emcnts. Plate 79 illustrates a few pathological ap- 
pearances nhicli n ~ ( 3  incirlentallg observed. The last sheet of this part  
gives the bib1iograI)lij of the anthor from 1891 t o  daie. 

Par t  I1 contains Table 1, showing the weights of the 41 brains exam- 
ined, and also 4s pages of text together with 15 tables of measurements. 
It will be seen from this outline, tha t  the unique feature of the book is 
the series of co lord  plates: the text, tables, and curves being merely 
subsidiary to them. The  book, therefore, should be considered as an  atlas 
intended to  support the interpretations made by the author, and also t o  
iurnish standards for comparison hg other investigators, and it i s  from 
this point of view that oiir criticisms will be made. 

To determine how far  these conditions are fulfilled, let us begin with 
:in analysis of the fundamental Table 1, containing the records €or the 
41 brains on which the nieasurements have been made. 

I n  each case there is given either the fresh weight of the encephalon, 
or both the fresh Treight and the weight after preservation in  Xullcr’s 
fluid. Then follow t1r-o columns, one headed “ Hemispheres,” and the 

~ L T .  
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other ‘‘ Cerebcllum,” but these terms are loosely used, since the combined 
weights of the parts thus designated are made to  equal the total weight 
of the encephalon. I n  this table also the weight in Muller’s fluid for 
the brain of “ Spanier, 394 years,” should be 1450 grams instead of 1350 
grams, as printed, while in nine other cases, there are slight discrepancies 
between the wcight of the enceplialon and the sum of the weights of its 
parts. In some cases the discrepancies are due to misprints, while in 
others, thcy probably depend on the loss of fluid following division of 
the fresh encephalon. 

According to my- calculations from ICaes’ data, the gain in weight due 
to the absorption of water by the brains while in Miiller’s fluid, is on the 
average 1 6  per cent of the fresh weight, but this in turn is largely lost 
lo!- the snbsequcnt shrinkage after alcohol, so that the cortav after being 
thus hardened probably has nearly its initial thicknew 

On comparing the fresh weight of the normal brains in Kaes’ series 
with those in the other standard series of brain weights, Kaes’ records 
show nothing unusual in this character. It must be noted, however, that 
with the exception of t\yo or three instances, these brains are from per- 
sons of very moderate intelligence. 

How far the final histological procedure ( Weigert-Woltcrs’ stain) 
modifies the thicbness of the cortex, is not known. There exists, there- 
fore, a gap in our information concerning thc relation of the thickness 
of the fresh cortex to the cortex as described and measured bj7 Kacs. 

Continuing the analysis of the 41 cases entered in the table, we find 
that there are 28 males and 13 females. I n  all the curves and discus- 
sions, Kaes treats the tn o sexes togcther. This is theoretically objection- 
able, but an examination of the curves shows that the modifications intro- 
duced by combining the i~ccorcls for the sexes are not significant, although 
detectable. 

Far more important is the question of the number of records to be 
removed from this table in order that it shall represent only approxi- 
mately normal individuals of the same race. 

Kaes himself removrs from among the males, one micr ocephalic, one 
negro and one criminal (decapitated), and from among the females, two 
niicrocephalics, but uses the remaining 36 cases as a basis for  his study 
of gron-th and medullation. 

This is too uncritical a treatment of the material, for it still leaves 
among the males the brains of one epileptic, four criminals and two non- 
E ~ r o p ~ a n s ,  as well as two briiins (Witt ant1 Fries) with excessively thick 
cortices-these being omitted from the Plates-and among the brains of 
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the females, one CI iniinal (decapitated) and three mental defectives-all 
of which are material quite unsuitable for the study of normal growth. 
Kaes’ table, as he iises it, therefore, is only very inadequately purged of 
its abnormal and suspicious specimens, and it must be remembered that 
the 13 cases above indicated, which we believe should be classed with the 
five cases that he himself excludes, appear in all the curves and tablec of 
averages that he gives. 

I took the time to redraw the curves for the thickness of the cntire 
cortex, omitting the measurements made on the 18 brains abow desig- 
nated as objectionable, and as a consequence found the curves to be al- 
most entirely relieved of the wide fluctuations ~di ich  appear in Iiaes’ 
presentation. 

When we examine the curves in (‘hart I as thns redrawn, it appears 
that the thickness of the entire cortcx diminishes rather rapidly from 
the first entry (three months) to the entry for  the seventh year, after 
which the thickness remains nearly the same up to the entry for the 65th 
year, which is as far as Kaes’ material should be used. Of course varia- 
tions occur after the entry for the seventh year, but so far as these are 
not due to the technique, they represent merely individual deviations, 
and are no more to be interpreted as groTvth changes than are tlie devia- 
tions in the absolute weight of the brains to which the sections belonged. 
Yet in the face of this apparently selP-evident fact, Kacs (Par t  11, page 
11) describes the variations in the thickness of the cortex Ehown in tlie 
curves drawn by him as representing growth processes, and speaks of a 
decrease in cortical thickness up to the R3d year, followed by an increase 
up to the 45th year, where it is to be noted the thickness attained is even 
greater than that at  birth. 

d f te r  this phenomenal increase in cortical thickness at  45 years, he 
speaks of a subsequent thinning, going on to old age, thoug-h apparently 
quite undisturbed by the fact that  the next entry, a t  451,/2 years, shows a 
cortex which has suddenly decreased about one millimeter in thickness. 
It is perhaps worth repeating that the two 45-year brains (Witt and 
Fries), the cortices of which mark Kaes’ maximum a t  maturity, are not 
represented in the series of plates illustrating the fiber systems of the 
cortex, although no reason is given for omitting them. These interpre- 
tations by Haes of his curve after the seventh year are quite unwarranted 
by the material, and lead to confusion only. 

On the same page of the text where this description is given, Eaes 
repeats a conclusion which he has previously published, namely, that  the 
more developed and rich in fibers a cortical locality is, the narrower the 
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cortex. This very interesting conclusion is in general correct when 
applied t o  the growth changes in a given locality. The narrowing comes 
about in this way. Kaes measures the thickness of the cortex from the 
ectal border of the fiber-free layer to  the ectal border of thc fibrae propriae 
(portion incluctcd by both brackets in the accompanying Schema). From 

str. 

[. 
d. 
.usstr. 

Schematic representation of a section through the cortex showing the layers 
of medullated fibers. Weigert-Wolters' fiber stain. (After Kaes. Only a 
Portion of the designations for the layers are given.) 

Aussere Hauptschicht = Outer main layer. 
Innere Hauptschicht = Inner main layer. 
Fibr. propr. = Fibrae propriae. 

Proj. Ausstr. = Radiating projection-fiber bundles. 
B. d. M. Reil v. d. Proj. Ausstr. = Width of column formed by radiating 

Zon. Keil im Wind. Thal. =Zonal wedge at bottom of sulcus. 

bundles of projection-fibers. 

THE ANATOMICAL R~com-Xo.  8. 



246 The  Anatomical Record Feb. 29, ’08. 

the age of three niontlis to the seTcnth year, tlic lajer forniecl b\ tlic 
fibrae propriae thickens rapid!j, i ts  c c  tdl  bortlcr being built out toncnrds 
the surface of the cortex With the atlvancc o€ this border, which alwa>s 
forms the ental limit o€ a niensuremcnt, tlie total thickness of tlie cortex 
naturally diminishcs. Kacs’ schriina of a ( ross scction thronph a gjrus 
with a portion of his noinenclatiiic., I S  lrcrc ~cpea tcd  t o  facilitate tlic 
description of his wwlts. 

After the seventh year it IS hard to tell froin the revised ciirvc mlietlicr 
the process of thinning still goes on. bnt inoie complete records might 
show it to  continue through the iemairiing years. This same idea is of 
course applicable t o  brains in  ~vhich tlirongli art est 01 growth, the lorinn- 
tion of fibers in the cortcs has bec.11 !iinderrcl or stopped. Kars, however, 
is not content vitli applying this idea to tlic groiving cortex alone, but  
sincc a t  matnritv tlic cortex is thinnest a t  il:c bottom of the d c i ,  intar- 
iriecliate at the sideh, and thickest a t  the sninniit of the g r i ,  he eltends 
t h i s  notion by stating tlint tlie cortex is therefore least developed i i i  the 
last locality, and most developed in the first. 

I n  oidcr to test his view, we ma? cxiininc the data contaiiiecl jn his 
Tablc 2 ,  nliich g i n s  thr  a\oragcs for  the thickness of tlie coltex on the 
vonves surface of cach Ii~iiijsplieic. During thc interval Iictn rcii the 
entry a t  three niontlis (his youngest record) and that a t  sewn years, when 
the greater part  of the thinning of the cortcv has been acwmplislied, thr 
loss in thicltncss, picsumpti~cl! due to giowth, is .57 inin. a t  the hottom 
of thc  sulci, .SO mm. a t  the sidcs and .Sl iiini. a t  the summit o f  the gmi.  
This means that thc fibi.a(> pro/)l.iitt’ 11;xr~ jncrcascd in thicLncs3 most a t  
the summit and sides. As  the amount of this change is a iiicasiire of 
developmcnt, i t  follows t1i:it tlic tortex in  tht. lattor localities has under- 
gone m o w  dr~clopiiiciit tlirn a t  ti c bottom of the qiilci. ‘I’lic measurcx- 
ments, therefore, are exactly opposed to Kiles’ statement. 

f n e s  has also given attention to the changes which occur in the thick- 
ness of the two main lavcrs (“ husserc Banptscliich t ” and ’‘ Tnncrr 
IIauptschicl-it ”) inio which h e  di>jdch the cortex, but as this presenta- 
tion is open t o  exactly the same criticisms as are here offered in conncc- 
tion with his study on the growth in the thic1;ncss of the cntire c.ortc>y, 
nothing will be gained by examining his descriptions in (letail. 

Yet before 1eaTiiiq this part  o i  the book, i t  is dcsinhlc to n d i c  sane 
additional statements which h a w  a general application to  the remaining 
tables and curve?. 111 the tables of iricasi~rt~iiit~i~ts (Tablc 2-7‘al)lc 16)  there 
i s  i n  cJach a column tlesigiiatcd “ TI 11. T1 I Scliicht.” The nieasarcments 
qiven under this lirading arc tliosc for tlic entire outer main lil>l’r, 
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although the part designated by the heading is but a fraction of that 
layer. Similarly, under '' Aussere Meynert- Associationschich t '' are given 
the measurements for  the entire inner layer, although again the part 
designated is only a fraction of that layer (See Schema). No mention of 
this arrangement in the tables appears in the text. 

By inspection, and not by anything found in either the text or the 
tables, we learn that the measurement of the main layers applies to the 
cortex a t  the summit of the gyri only. 

As the schema shows, the sum of the thicknesses of the two layers in 
question should equal the thickness of the entire cortex. When the tables 
are tested on this point, the result is very unsatisfactory. Out o€ the 41 
records in Table 2, only three occur in which the sum of the two layers 
is equal to the entire thickness of the cortex at  the summit. Of the 
remaining 38 cases, 19 show a plus or minus deviation up to one per 
cent, and the remaining 19 show a plus or minus deviation which aver- 
ages over 4 per cent. The most extreme instance (Noelzel, 30 years) 
gives a sum of the layers 14 per cent less than the thickness of the entire 
cortex. On the cause of these discrepancies, the text is silent. It should 
be stated, however, that such discrepancies are less marked in the special 
tables which accompany the plates. 

In connection with both the tables and the charts, it is of the greatest 
importance to determine how Kaes deals with the five eases which he 
considers pathological. For this Tables 2-16, inclusive, are to be exam- 
ined. In Tables 3-15, inclusive, the measurements on the pathological 
specimens are indicated by heavy type, so that here they may be picked 
out easily. They should be indicated in the same way also in Table 2, 
but this has not been done. Table 16 giT-es the grand averages for the 
thickness of the cortex in the entire series of localities examined, and it is 
important to note that according io the text, the measurements on the ab- 
normal brains are here included. Hence the averages in Table 16, which 
might have had a sort of value if based upon the normal brains alone, 
are not only worthless, but what is more important, quite misleading. 

The treatment of the pathological records in the curves (I-V) is also 
very unsatisfactory. In each curve, the 41 cases of the original table arc 
entered. Where the measurements on the pathological specimens are 
markedly different from those on either side of it, the value is sometimes 
indicated by a vertical, starting from the curve itself. This would be 
satisfactory if it were pursued as a uniform plan, but such is not the case. 
There is not one of the charts on which all of the records from the patho- 
logical brains are so distinguished. When the measurements from the 
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pathological brains do not, in the judgment of Icacs, seriouslg disturb the 
record, he incorporates them in the curve without special designation. 
Thus in Charts I and 11, the indications for the measurements from 
these pathological brains are incomplete, and in Charts 111-1- they do not 
occur at  all. At  the same time, it is exactly these entries nliicli iiiost dis- 
turb the form of the curves. 

Moreover, the drawing of the curves has been done with but slight 
feeling for accuracy. Neglecting trifling displacements, which are 
numerous, this statement is justified bv the fact that out of the 1066 
entries in the five charts ( I -V) 43, or 4 per cent, are one square or 
m o ~ e  out of place. In one instance, the displacement amounts to seven 
squares. In 
some cases this quite alters the appearance of the curve, but the chief 
importance of it lies in the fact that it gives rise to a feeling oP distrust, 
which makes jt necessary to verify every record. 

We turn next to the plates. Here we have in color the depiction of 
the medullated fiber content of the cortex a t  12 localities in each hemi- 
sphere of 39 out of the 41 brains. The brains of Witt and Fries, each 45 
years old, and both of which according to the tables gave a very thick 
cortex, are omitted from the plates without comment. 

At first glance, one is struck by the clearness of the illustrations. They 
suggest excellent preparations; but the further one studies these illustra- 
tions, the less satisfactory they appear. 

The thickness of the sections is not stated, and so far as Kaes has 
given technical details, they are mainly to be found in his papers of 
1891, 1893, and 1896. I n  these accounts he speaks of marking the locali- 
ties from which specimens merc taken, on a schema of the brain surface, 
but in the present instance, lie is content to use such general designations 
as anterior frontal (Vordere Stirne), visual cortex (Selirinde) ek., 
omitting the schema entirely. It is evident that the portions of the 
cortex to which these terms apply are always extensive and sometimes 
ill-defined, so that the value of the illustrations as standards, is much 
lessened by the impossibility of locating the sections with any degree of 
exactness. 

In the illustrations the sections from all the different brains are pic- 
tured in nearly the same size, about 100 mm. by 33 mni. This obscures 
the fact that abnormal often differ from normal brains in the thickness 
of their cortex and also that in normal brains this character not only 
changes with age, but varies according to locality. haes’ first plate 
(‘l’afel 1) serves to illustrate this last point. The six illustrations which 

The squares measure about three millimeters on the side. 
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form the top row in this plate, represent as many different localities. 
They are from sections which, according to the table of measurements 
accompanying this plate, range from 4.80 mm. to 5.95 mm., yet the six 
illustrations are to all intents and purposes the same size. It is, there- 
fore, evident that by this method of presentation important differences 
are obscured. To obtain illustrations of the same size, the larger sec- 
tions must have been reduced, or the smaller ones enlarged, and if this 
were done by any mechanical process, it would follow that the relations 
of the main layers would not he modified by this treatnient. 

When the illustrations are tested with this point in mind, some aston- 
ishing results are obtained. For example, and it is merely an example, 
if we run our eye along the top row of illustrations in Plate 60, it ap- 
pears that in the six illustrations thc ectal edge of the outer stripe of 
Baillarger stands at  very nearly the same level. This edge marks the 
boundary between the two main layers of the cortex. (See the junction 
point of the two brackets in the Schema.) As the total length of the illus- 
tration is nearly the same in all these instances, it follows that if they 
had been proportionately reduced, the relative thickness of the tmo main 
layers as measured should be similar in all of them. Let us compare this 
conclusion with the measurements in the table. 

The following extract from the accompanying tablr, shows that the 
measurements for the thickness of the entire cortex, as well as for the 
main layers, differ rather widely. 

FROM KAES' TABLE FOR PLATE 60; RIGIXT HEMISPHERE; HINDU, 40 YEARS. 
Thickness of cortex in mm. 

Summit of Ou te r  main Inner maih 
gyrns. layer. layer. Locality. 

1. Anterior frontal . . . . . . . . . . . . . . . . .  5.7 2.5 3.3 
2. Posterior " . . . . . . . . . . . . . . . . .  5.16 2.1 2.9 
3. Anterior central ................. 4.9 2.2 2.8 
4. Posterior " ................. 3.9 1.4 2.5 
5. Operculum 5.3 2.0 3.3 
6.  Insula ........................... 5.7 3.1 2.6 

....................... 

This table shows variations in the total thickness of the cortex from 
3.9-5.7 mm. and a relation betwcen the inner main layers which is indi- 
cated by 2.0 to 3.3 mm. in the operculum, and 3.1 to 2.6 mm. in the 
insula, while the stripe of Baillarger, as depicted in the illustrations, 
stands at  almost the same level in both. It follows from this that  the 
several sections have not been proportionally reduced, and that these 
illustrations have not been made in a way really to represent the sections. 
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Probably, therefore, they are based on drawings which are skillful 
after a manner, but not a t  all accurate. This conclusion is supported by 
two other observations. I n  his tables Thes gives the number of bundles 
of radiating fibers found in strips of cortex 1 mm. wide. With the en- 
largement used, the illustrations correspond to original strips approxi- 
mately 1.5 to 2.2 mm. wide. There should then always be shown in the 
illustrations more radiating bundles than mere found in 1 mm., which is 
the standard width used in the table. The fact is quite the re’verse. J n  
7 2  cases examined, the number of bundles shown in the illustrations is 
never more than that given in the tables, and for the most part is from 
$4 to % that number. Moreover, the numbers shown in successive illus- 
trations do not bear any regular relation to the numbers given in the 
tables. 

\Vier1 
these are reduced to the size which tliey would have in the cortex before 
enlargement, it appears that they must represent fibers 25p-50p in diame- 
ter, quite an impossible caliber. Finally, no sections of blood-vessels 
appear. All these facts taken together jnstifg us in stating that the illus- 
trations in the plates do not in any proper sense represent the appear- 
ances or relations of the medullated fibers in the human cortex. At  best 
and in a general way, they give a notion of the local abundance of these 
fibers, and show whether they are coarse or fine, so that to present and 
discuss Kaes’ ideas of the changes in mednllation with age, would hardly 
be satisfactory in view of the condition of his data. 

T o  many of the observations recorded in this book we have made no 
allusion, but it is not necessary t o  go further, for the plates which we 
eipected to find the important and fundamental feature, turn out to be 
nearly worthless either as evidence for the author’s views or as standards 
for comparison. 

We began the examination of this book with high hopes; we leave it 
depressed. At every point where it could be tested, it has failed to stand 
the test, and it is €air to assuinc that the tables, which we cannot test, 
are no better than the rest of it. 

These things are unpleasant to w h e  and disagreeable to read, but it 
was necessary to warn acd caution those who might be over-impressed by 
this array of tables, charts, and plates against an uncritical use of them, 
For such use can bring confusion only as a consequence. 

Yet, by his studies, Kaes has emphasized a very important method f o r  
tire investigation of the cortex, and recognizing this, it is with genuine 

In  many of the illustrations, wry thick fibers are represented. 
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regret that we give this reception to a book on which a colleague has 
spent so much time and labor, and which he must perforce, cherish IS 
his magnum opus. 

Henry H. Donaldson. 

NOTES AND APPOINTMENTS. 
We are informed officially of the appointment of Professor B. F. 

KINGSBURY to be Professor of Histology and Embryology in Cornell 
University, on the retirement of Professor Simon H. Gage, which will 
take place at  the end of the present term. Suitable notice of this 
announcement will be published a t  another time. 

Anatomists are glad to learn that Professor CATTELL will continue 
the publication of the American Naturalkt. This magazine, though 
somewhat popular in its scope, has made a distinct contribution to the 
development of the sciences which it aims to represent. It is sure to 
prove in the future, as hitherto, a useful repository for articles of the 
general character which its name indicates as appropriate. The American 
Society of Naturalists has here a journal which is well adapted to interest 
and hold together its somewhat diverse membership through the publica- 
tion of articles and discussions bearing on the educational and scientific 
problems which are important to such a society. 

The consolidation of the interests of the Bausch &. Lomb Optical Com- 
pany; Bausch, Lomb, Saegmuller Company; and the Carl Zeiss Optical 
Works of Jena, Germany, is noted with pleasure. The relations of the 
Company of Messrs. Bausch & Lomb with our investigators and teachers 
have made possible many instruments and pieces of apparatus which 
would not have been readily produced otherwise. Like some other of our 
progressive firms in the same line, they have placed before our students 
a very good series of microscopes, lcnses, etc., at  most reasonable prices. 
Their enterprise has simplified the equipment of our laboratories, and 
their spirit of co-operation has contributed no little aid to the solution of 
many of our technical problems. There are certain traditions in the 
manufacture of optical instruments and other apparatus which we asso- 
ciate with the name Zeiss, and which assures us that the American com- 
pany will gain much by the closer association of interests with a firm 
relying on such scientific methods as does that of Carl Zeiss. 


